Background: Periodontitis and edentulism are prevalent in patients with cirrhosis, but their clinical significance is largely unknown. Objective: The objective of this article is to determine the association of severe periodontitis and edentulism with mortality in patients with cirrhosis. Methods: A total of 184 cirrhosis patients underwent an oral examination. All-cause and cirrhosis-related mortality was recorded. The associations of periodontitis and edentulism with mortality were explored by Kaplan-Meier survival plots and Cox proportional hazards regression adjusted for age, gender, cirrhosis etiology, Child-Pugh score, Model for End-Stage Liver Disease score, smoker status, present alcohol use, comorbidity, and nutritional risk score. Results: The total follow-up time was 74,197 days (203.14 years). At entry, 44% of the patients had severe periodontitis and 18% were edentulous. Forty-four percent of the patients died during follow-up. Severe periodontitis was associated with higher all-cause mortality in the crude analysis (HR 1.56, 95% CI 1.06-2.54), but not in the adjusted analysis (HR 1.45, 95% CI 0.79-2.45). Severe periodontitis was even more strongly associated with higher cirrhosis-related mortality (crude HR 2.19, 95% CI 1.07-4.50 and adjusted HR 2.29, 95% CI 1. 04-4.99). No association was found between edentulism and mortality. Conclusion: The presence of severe periodontitis predicted a more than double one-year cirrhosis mortality. These findings may motivate intervention trials on the effect of periodontitis treatment in patients with cirrhosis.
Introduction
Poor oral health is prevalent in patients with cirrhosis [1] [2] [3] [4] [5] and may lead to malnutrition and systemic infections, which are common and well-known risk factors for morbidity and mortality. [6] [7] [8] The problem is mainly caused by oral infections such as periodontitis, which is an inflammatory disease of the tooth-supporting tissue and untreated may lead to tooth loss. 9, 10 Our previous cross-sectional studies in patients with cirrhosis indicated an association between oral infections and a higher nutritional risk score, systemic inflammation activation, and increased frequency of cirrhosis-related complications. 11, 12 Likewise, a recent retrospective study suggested an association between oral infections and progression of the cirrhosis disease, 2 and research on a variety of disease populations indicates an association between periodontitis, tooth loss, and mortality. [13] [14] [15] Still, the association between periodontitis and the prognosis of cirrhosis is unknown although the issue may well be of particular relevance to this population whose course is fraught with infections and other inflammation-related adverse events. 8 Therefore, the aim of this study was to prospectively determine the association of severe periodontitis and edentulism with all-cause and cirrhosis-related mortality in patients with cirrhosis.
Materials and methods
This prospective cohort study was conducted between March 2013 and November 2015 at Aarhus University Hospital, Denmark. Eligible patients were consecutively enrolled at the Department of Hepatology and Gastroenterology for a program on oral health and oral infections in patients with cirrhosis, 11, 12 and the present study focuses on the follow-up data.
Eligible patients were adult men and woman with an established diagnosis of cirrhosis regardless of etiology and severity. The diagnosis of cirrhosis was based on medical history, physical examination, liver biopsy and/ or pertinent clinical-biochemical and ultrasonographic findings. Patients were excluded if they could not speak or understand Danish, had dementia or were cognitively impaired, had malignant diseases, or had acute critical conditions such as overt hepatic encephalopathy or variceal bleeding.
The study was performed according to the Declaration of Helsinki. The Ethical Committee of Central Denmark Region approved the study (journal No. 1-10-72-128-12, September 2012). Written, informed consent was obtained from all patients included in the study.
Oral examination
At study entry, a standardized oral examination was performed. The oral mucosa was examined for pathologic changes. In the dentate patients, the number of teeth was counted. Clinical probing depths (PD) of the gingival pockets were measured parallel to the longitudinal axis of the tooth from the free gingival margin to the bottom of the periodontal pocket, i.e. to the tip of the periodontal probe. Clinical attachment level (CAL) of the gingiva was defined as the distance from the cemento-enamel junction (CEJ) to the tip of the periodontal probe. The distance from the free gingival margin to the CEJ was measured and CAL was obtained by subtracting this value from the PD. Gingival recession (i.e. displacement of marginal tissue apical to the CEJ) was recorded as a negative value and thereby added to the PD. PD and CAL were registered at six sites per tooth, measured in mm, and recorded to the nearest mm.
Severe periodontitis was defined as two or more interdental sites with CAL of 6 or more mm on different teeth and one or more interdental sites with PD of 5 or more mm. The definition is given by the working group of the Centers for Disease Control and Prevention in collaboration with the American Academy of Periodontology. 16 Three authorized dental hygienists undertook the oral examinations. Prior to study start, they were all trained by the same experienced clinical examiner in periodontitis, a dentist from the Department of Odontology, Aarhus University, Denmark. Seventeen patients (11%) had at least two quadrants of their periodontal measurement (i.e. probing depth and clinical attachment level) repeated by the same or another hygienist in order to assess intra-and inter-examiner variability. The reproducibility was estimated by Lin's concordance correlation coefficient, 17 and the degree of agreement according to the categories suggested by McBride. The lower one-sided 95% confidence level and the concordance correlation coefficient ranged from 0.90 to 0.96 and 0.91 to 0.96, respectively. Thus, the degree of agreement was moderate to substantial, 18 which we considered satisfactory for the task at hand.
Clinical data
Demographics, clinical information, and laboratory results at the time of the oral examination were asked or collected from the patients' medical charts, including age, gender, smoker status (current, former, never), present alcohol use (yes or no), cirrhosis etiology, and comorbidity. The comorbidities were classified and a total score calculated by the Charlson Comorbidity Index. 19 To gauge the severity of the cirrhosis disease, the Child-Pugh score and the Model for End-Stage Liver Disease (MELD) score were calculated.
Patients' nutritional risk was assessed using the standardized screening tool NRS-2002. Patients were scored in each of the three components: (1) undernutrition (estimated by body mass index, percentage recent weight loss, and change in food intake), (2) disease severity, and (3) age, giving a total score of 0-7. Patients with a total score of 3 or above were classified as nutritionally at risk with a need for targeted nutritional therapy. 20 All patients were prospectively followed in the department until death or study end at January 5, 2016. No patient was lost to follow-up.
After follow-up, dates of death were obtained from the Civil Registration System in Denmark, an administrative registry that is continuously updated with vital status and dates of death for all Danish citizens. 21 The cause of death up to and including 2014 was obtained from the Danish Register of Causes of Death, which contains information on all death certificates since 1943. 22 The cause of death for patients who died in 2015 was retrieved from their medical charts. Based on these data, death was classified as cirrhosis related or not cirrhosis related. Cirrhosis-related deaths were those which had at least one of the following listed as the cause of death or as part of the events leading to death: cirrhosis (K70.3, K74.6) and liver failure (K.70.4, K72.-). All other deaths were classified as not cirrhosis related.
At study entry 12 (7%) patients were under evaluation for liver transplantation, but none was transplanted during the study period.
Statistical analyses
We used the Mann-Whitney test (for age, MELD score, and nutritional risk score) and the chi-square test (for other characteristics) to test whether the patients with or without severe periodontitis and the patients with or without teeth were identical at study entry.
To examine the association of oral health with mortality two sets of analyses were performed. First, a Kaplan-Meier analysis was performed to estimate survival probability in patients with severe periodontitis as opposed to dentate patients without severe periodontitis, and in edentulous patients as opposed to dentate patients. Second, a Cox proportional hazards regression analysis was used to estimate the association between presence or absence of severe periodontitis and presence and absence of teeth on all-cause and cirrhosis-related mortality. The association was expressed as the hazard ratio (HR) with 95% confidence interval (CI), and the association was adjusted for confounding by age, gender, alcoholic cirrhosis, Child-Pugh score, MELD score, smoker status, present alcohol use, comorbidity, and nutritional risk score. The cirrhosis-related and non-cirrhosis-related mortality was computed, taking into account that they were competing risks. 23 The proportional hazards assumption was evaluated graphically using log-log plots of the survival curves. The continuous variables were included untransformed in the analyses. In all tests a p value of 0.05 or less was considered to be statistically significant. The data were analyzed using Stata version 12.0 (Stata Corp LP, College Station, TX, USA).
Results
We screened 273 patients for eligibility, of whom 89 were excluded by the exclusion criteria, lack of consent, or death before the oral examination. Figure 1 gives the patient flow.
A total of 184 patients were included in the study. Their mean age at baseline was 61 years (range 21-87 years) and 120 (66%) were men. Their baseline characteristics are summarized in Table 1 .
The oral examination showed that 66 (44%) of the patients had severe periodontitis. Compared to patients without severe periodontitis more patients with severe periodontitis were smokers (20% vs. 12%) and had alcoholic cirrhosis (85% vs. 67%), but fewer had autoimmune or cholestatic cirrhosis (3% vs. 20%). There was no difference regarding age, gender, Child-Pugh score, MELD score, present alcohol use, comorbidities, and nutritional risk score between the patients with or without severe periodontitis.
Thirty-three (18%) patients were edentulous. Compared to dentate patients the edentulous patients were older (65 years vs. 60 years), more had viral hepatitis (15% vs. 2%), and they had a better MELD score (8 vs. 11), but there were no differences in gender, Child-Pugh score, smoking habits, present alcohol use, comorbidities, and nutritional risk score ( Table 1) .
The total follow-up time was 74,197 days (203.14 years) with a median per patient of 350 days (0.96 year).
Eighty-one patients (44%) died during follow-up. The presence of severe periodontitis was associated with higher all-cause mortality (crude HR 1.56, 95% CI 1.06-2.54). The confounder adjustments resulted in the same association with mortality, but its CI was wider (HR 1.45, 95% CI 0.79-2.45). No association was revealed between edentulism and mortality in any analysis (Table 2) .
Of the 81 patients who died, 52 (64%) died from cirrhosis-related causes and 29 (36%) died from other causes. Severe periodontitis was even more strongly associated with cirrhosis-related mortality (crude HR 2.19, 95% CI 1.07-4.50 and adjusted HR 2.29, 95% CI 1.04-4.99) (Figure 2) . Again, no association was observed between edentulism and cirrhosis-related mortality ( Table 2) . 
Discussion
This prospective cohort study on cirrhosis patients showed that the presence of severe periodontitis was associated with all-cause mortality in the crude analysis and cirrhosis-related mortality both in the crude and adjusted analyses. Edentulism showed no such association.
The most important strengths of our study are its prospective design, the systematic and detailed oral examination, and its complete follow-up to a statistically relevant number of deaths. The main limitation is its recruitment design, which implies that it cannot immediately be concluded that periodontitis was in fact the cause of the serious prognosis facing the patients, or whether the severe periodontitis resulted from more advanced cirrhosis. However, the lack of association at study entry between the Child-Pugh and MELD scores and the presence of periodontitis favors the first assumption. The relatively short follow-up period might be seen as a limitation but for the fact that nearly half of our participants died, in accordance with their known poor prognosis. 24 Finally, our study comprised a broad spectrum of cirrhosis patients and may be seen as representative for an inpatient cirrhosis population, but still its single-center design may limit generalizability of the strength of the association to other cirrhosis populations. However, this limitation is probably not very important because the department both has a large local catchment population and also receives referred patients from other hospitals across Denmark. It may also be noted that Figure 2 . Cumulative risk of cirrhosis-related mortality caused by severe periodontitis. Number at risk indicates the number of patients at risk in each group at the corresponding time. Associations are expressed as hazard ratios (HR) with confidence intervals (CI), and presented without adjustment and with adjustment for age, gender, alcoholic cirrhosis, Child-Pugh score, MELD score, smoker status, alcohol use, comorbidity, and nutritional risk score.
the distribution of age, gender, and cirrhosis etiology of our patients corresponds to recent Danish nationwide studies. 24 Confounding is always a worry in such association studies and we took care to control for obvious sources by statistically adjusting for the effects of a considerable number of demographic, individual, and disease characteristics. One obvious residual confounding factor might be unmeasured socioeconomic variables. This is likely not an important problem in this study as the Danish population is relatively homogenous with respect to income and disability status, but it may well be an important factor in other countries. 25 The prevalence of severe periodontitis of 45% among our cirrhosis patients was very high compared with 10-15% in the general population. 26 Likewise, edentulism in 18% was higher than the reported 7% in the general population, 27 and most probably resulted from the frequent presence of destructive periodontal disease in line with other reports from cirrhosis cohorts. 4, 6 Alcohol is the most common etiology of cirrhosis in Denmark. In this study, more patients with alcoholic cirrhosis had severe periodontitis than patients with other cirrhosis etiologies. We found no association between self-reported present alcohol use and severe periodontitis; although studies have reported a lifetime relationship. 28 Possibly our patients followed advice to reduce their alcohol consumption while being former drinkers.
A large fraction of our patients were classified as having cryptogenic cirrhosis, which we now suspect may reflect former or present nonalcoholic steatohepatitis (NASH). Both obesity and diabetes are associated with periodontitis 29 but we found no difference in the prevalence of obesity or diabetes between patients with cryptogenic cirrhosis and those with other cirrhosis etiologies (data not shown).
Periodontitis is reported to be associated with other diseases such as cardiovascular disease, chronic obstructive pulmonary disease, chronic kidney disease, diabetes mellitus, endocarditis, and rheumatoid arthritis. 30 Periodontitis has also been shown to be associated with death from infection both in healthy and diseased populations. 31 One motivation for conducting this study was the sparse information on the consequences of periodontitis for the course of cirrhosis, given the extensive knowledge about the importance of other infections. Our finding of a strong association between periodontitis and mortality is in line with the reports on other diseases, 13 which may in a broad sense underline the importance of oral health.
We found that severe periodontitis was associated with increased all-cause mortality in the crude analysis. The magnitude of the association was the same in the adjusted analysis but its confidence limits included 1.0. This loss of association precision was probably due to the larger part of the all-cause mortality being in fact cirrhosis related, and the association to cirrhosisrelated death was stronger as well as more precise after the confounder adjustment. This data structure expands and details the findings from other disease populations and may be taken to reflect a particularly marked importance of oral infections for the cirrhosis patients. This would be consistent with Å berg et al., who described a correlation between oral infections and accelerated liver disease measured by the change in MELD score in 38 patients awaiting liver transplantation. 2 In accordance, a higher prevalence of P. gingivalis fimA genotype II, a gram-negative oral anaerobic bacterium strongly associated with periodontitis, was reported in a study of patients with cirrhosis versus patients with non-cirrhotic chronic hepatitis C. 32 Our study corroborates and extends such reports by being larger, by having complete follow-up, and by adjusting for important confounders.
Infections were likely responsible for a large part of the more than doubled cirrhosis-related mortality that we found in the patients with severe periodontitis. Periodontitis is recognized as a persistent source of oral bacterial translocation to the bloodstream and as a factor causing systemic low-grade inflammation, 33 and thus conceivably acts directly as a pathogenic link in the development of fatal cirrhosis complications, probably even aggravated by the immune-incompetence of cirrhosis. This is recognized in transplant hepatology, in which an oral examination of patients awaiting liver transplantation is routine to eliminate oral infection foci and prevent sepsis of oral origin. Our study suggests that all patients with cirrhosis would benefit from a systematic preventive oral care program and greater awareness of oral health. Ideally, such efforts should be evaluated in intervention trials, which have not been conducted in patients with cirrhosis. Further motivation lies in a small study of patients with chronic kidney diseases that showed a positive effect of treatment of periodontitis on all-cause mortality. 34 Even in the general population periodontal treatment leads to a reduction in C-reactive protein. 35 The lack of association between edentulism and allcause mortality was unexpected as other studies indicate that lack of teeth may be related to higher mortality. 15 The explanation in our study may be that patients without teeth cannot suffer from periodontitis and hence may be past the stage of oral neglect where oral bacterial translocation poses a threat to the patients. In support of this, the included edentulous patients at study entry had a more favorable MELD score.
In conclusion, the present study revealed a robust association between severe periodontitis and a higher all-cause and particularly cirrhosis-related mortality. These findings should be taken into account when defining the design of oral intervention studies in the future. In addition, pathophysiological studies to better understand the potential relationship between periodontitis and cirrhosis may be beneficial. The association, if confirmed, seems to necessitate closer attention to oral health in the clinical care of all patients with cirrhosis.
